Résumé. 2014 Un cristal liquide nématique homéotrope (n //z) contenu entre deux plaques parallèles (~ à z) en mouvement relatif x = x0 sin 03C9t sur une plaque, y = y0 cos 03C9t sur l'autre, présente une série d'instabilités convectives lorsqu'un paramètre sans dimension, N ~ x0 y0 03C9 augmente. 
sions.
Abstract. 2014 A nematic liquid crystal, oriented homeotropically (n//z) between two parallel plates (~ z) in relative motion x = x0 sin 03C9t on one plate, y = y0 cos 03C9t on the other one, exhibits a sequence of convective instabilities for increasing values of a dimensionless parameter N proportional to x0 y0 03C9. Above a first critical number Nc1, parallel convection rolls establish through the sample. This article gives a systematic experimental description of this instability which was discussed first by Pieranski and Guyon and analysed in detail by Dubois-Violette and Rothen. For a higher critical number Nc2, the convective structure changes from rolls to a two dimensional periodic and stationary pattern. For even larger values of the parameter N, the two dimensional structure becomes non stationary and loses long range order symmetry. The melting of this structure is described; possible connection with the loss of ordering of two dimensional systems is suggested.
J. Physique 42 (1981) [283] [284] [285] [286] [287] [288] [289] [290] [291] [292] [1, 2, 3] . A review article [4] . by the Orsay group focuses on the characteristic features of some of the remarkable instabilities which are observed in this phase.
In particular the behaviour of the nematics in DC and very low frequency (few Hz) shear flows have been studied by Pieranski and Guyon [5] . Hydrodynamics instabilities develop across the sample if the time required for the growth of the static instability is short in comparison with the period of the shear. These instabilities are caused by first order terms in thé velocity field.
Of greater interest for acousto-optic conversion are the second order effects whereby a permanent distortion (which can depend on position) is produced under this influence of the flow. Distortion of an homeotropic nematic by longitudinal acoustic waves were reported in [6] . Helfrich [7] and Nagai and Itsuka [8] discussed these results in terms of the second order forces due to the sound field and also present in an isotropic medium.
Scudieri [9] indicated that a linearly polarized shear at a frequency of several kHz, acting on an homeotropic nemàtic, induces a convective instability above a critical shear rate. Pieranski and Guyon [10] attempted to reproduce Scudieri Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:01981004202028300 tical shear flow [11] . The structures observed at the lowest threshold did not depend crucially on the ellipticity. They were in fact very similar to the observations of Miyano and Shen [12] The experimental set up is described in section 2.
As we increase the shear a sequence of convective instabilities appears in the sample. The first instability, rolls, is discussed in section 3. A two dimensional pattern develops on top of the rolls above a higher threshold (section 4). Finally the transition to spatial chaos is qualitatively described in section 5.
2. Experimental techniques. - We only present the crucial features which are needed for an understanding of the results discussed in the following chapters.
A detailed account of the methods used is discussed in [13] .
Cell. - This value characterizes the local time to induce a distortion. However the time involved in the overall organization of the convective patterns can be much larger [14] .
iii) Diffraction of a laser beam. The spatial modulation of the director in the (x, y) plane can be studied by diffracting a monochromatic light beam parallel to the z axis. Figure 3a shows the set of equidistant diffracted spots produced by a parallel convective rolls pattern. 3. Roll patterns instability. -3. 1 INSTABILITY ME-CHANISM. - The behaviour of the L.C. sample for small elliptical shear and above a first linear instability threshold has been first reported in [10] ; a detailed theoretical analysis has been given in [16] .
We recall here the mechanism.
In the appendix we show that the motions of both plates induce a linear velocity profile across the sample in the experimental range of frequencies and thicknesses used. The resulting velocity field, in the case of the experimental geometry represented on figure 1, can be written as :
The index « a » indicates an alternating quantity. The flow represented by the equation (1) is a uniform elliptically polarized shear. Using the nematodynamic equations [1, 2, 3] one easily gets the director beha-viour in this flow. For small plate displacements (xo and y. « d), the orientation distortion writes : a2 and yi have the dimension of viscosities (the sign of a2/yi, is negative).
The director follows the plate displacements and moves on an elliptical cone having the same axis as the elliptical flow.
The experiments (see figure 4) indicate that the first instability is characterized by the continuous and reversible development of a permanent one dimensional periodic structure. Therefore we assume that, at threshold the velocity and director fields are [17] :
where v' and na are given by equation (1) and equation (2) . The infinitesimal quantities v' and ns, function of position (of the convective geometry), are also taken as independent of time as the convection pattern does not show strong variation at the frequency m.
Using the nematodynamic equations [1, 2, 3] , the stability of the solution of equations (1) and (2) Figure 5 shows the structures observed for différent shear ellipses with the same ellipticity. The orientations of the rolls can be deduced from one of the geometry by simply considering the change of symmetry of the shear ellipse : rotation by + n/2 from a) to b), symmetry with respect to the x axis from b) to c).
The angle is determined from the direction of the diffraction image. Its variation with ellipticity is given on figure 6 . The rapid change around the value xo/yo = 1 (circular polarization) corresponds to the passage between figures 5b and 5a.
The wavelength A of the rolls is determined by microscopic observation. It is the distance between two sharp dark lines in figure 5c. This can be checked from the observation of the defects in the structure :
for example the edge dislocation in the lower right hand corner of figure 5c, must correspond to the addition of a pair of rolls in order to insure continuity ,of the velocity field. is obtained, indicating rolls elongated in the direction perpendicular to the plates. The ratio is independent of frequency between 50 and 600 Hz as expected from the theoretical analysis [16] . It [20] In thin layers (d = 30 pm in figure 9 ), the hyperbolic variation (xo yo = const.) is followed only when the ellipticity is large enough. The deviation observed near (xo = yo) from hyperbola obtained for a thick film (in figure 8 ) has been interpreted [21] from a calculation which is a simple development of the non linear calculation of [16] , conserving the roll structures. It is also possible that corrections should Fig. 9 . -The variation of threshold curves for a thin film at a frequency of 280 Hz is to be compared to that of figure 8 . The broken line is the same hyperbola as in figure 8. occur due to the square geometry obtained when xo -Yo.
There also exists some quantitative disagreements on the dimensionless quantity N and on the ratio 2 d/A which may partly be due to the inaccuracy in the evaluation of the material parameters.
There is also a marked disagreement on the value of the angle gi of the rolls in the elliptic case. A finite value of t/J ('" 30) much smaller than the experimental one (-15°, Fig. 6 ) has been calculated in [16] from a non linear analysis of the instability. The geometry assumed in this work was that the elliptical shear was applied directly on the boundary plates. In these conditions it can be easily shown [22] that no linear contribution depends on the angle of the rolls with the shear axis. In the different present geometry (sketched in figure 1 ) the effect of the finite value of gi enters in a linear analysis.
Convective rolls tend to align along directions which minimize the effects of the velocity gradients as was shown in an independent work using an electrohydrodynamic nematic instability [23] . Such an analysis would also predict an increase of the threshold from the value obtained in reference [16] (Fig. 4) (Fig. 10) . Measurements on photographs as well as on the diffracted image (Fig. 3b) The following description is based on a film done while increasing progressively the value of N [24] : i) Immediately above the threshold N c2, the convective structure is as shown on figure 11 with a coexistence of domains of 4 and 6th fold symmetry. The Fig. 11 ii) A markedly différent behaviour is observed for larger values of N (typically 2 Ncl). The motions induced around the defects affect the complete cell by extending along stripes which correspond to the previous hexagonal mismatch zones. The hexagonal structures have melted and the square crystallites move independently of each other in the molten environment. However the ordering within the individual square domains is not markedly decreased despite the compressional and shear elasticity present during their random motions. Thus a small number of active centres appears to drive the chaotic motion.
They look fairly similar to the spokes described by Busse [26] in R.B. convection in large cells sufficiently above the first Rayleigh threshold. The importance of such large scale structures in turbulence has been strongly emphasized in the last few years, in particular for 2 dimensional flows, in connection with the concept of large scale intermittency in turbulence [27] .
iii) As the shear continues to increase, the size of the square crystallites decreases together with the fraction of the area they occupy in the cell. However the structure within the cells remains practically unchanged as seen in the sequence of photographs of figure 12. Finally, for even larger N, all organized patterns disappear. The fluctuating structure is quite similar to the dynamic scattering that was obtained in electrohydrodynamic experiments in nematics for large applied voltages [4] . 5.2 DISCUSSION. -We suggest here the possible connection between the melting observed here and thermodynamic problems of two dimensional ordering which have been widely discussed in the recent years (Refs. [28, 29] Guazzelli who studies, using the same geometry, the nucleation of defects of the convective structure [35] as well as the distortion field around them in connection with the approach of [14] and [33] . Violette (2)) are linearly independent.
We consider the geometry represented on figure 13 : at rest, the director field n( n = 1), which gives the 
